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FABRICATION OF METAL-INSULATOR 
METAL CAPACTIVE STRUCTURES 

BACKGROUND 

The present invention relates generally to device fabrica 
tion and, in particular, to the fabrication of metal-insulator 
metal (MIM) capacitive structures. 

Various capacitive Structures are used as electronic ele 
ments in integrated circuits. Such structures include, for 
example, metal-oxide-Semiconductor (MOS) capacitors, p-n 
junction capacitors and metal-insulator-metal (MIM) 
capacitors. For Some applications, MIM capacitors can 
provide certain advantages over MOS and p-n junction 
capacitors because the frequency characteristics of MOS and 
p-n junction capacitors may be restricted as a result of 
depletion layers that form in the Semiconductor electrodes. 
An MIM capacitor can exhibit improved frequency and 
temperature characteristics. Furthermore, MIM capacitors 
are formed in the metal interconnect layers, thereby reducing 
CMOS transistor proceSS integration interactions or compli 
cations. Additionally, the topology of the MIM capacitor 
Simplifies planarization processes. 
A MIM capacitor includes an insulating layer, Such as a 

dielectric, disposed between lower and upper electrodes. 
Typically, after formation of the lower MIM capacitor 
electrode in a first chamber, the wafer is transferred to 
another chamber or furnace where the insulating layer is 
deposited. The wafer subsequently is returned to the first 
chamber or yet a third chamber for deposition of the upper 
electrode. Titanium nitride (TiN) is sometimes used as the 
material for the capacitor electrodes. 
One difficulty that is encountered during Such a fabrica 

tion proceSS results from the exposure of the wafer to an 
ambient containing oxygen when the wafer is transferred 
from the first chamber to another chamber or furnace for 
deposition of the insulating layer. As a result of exposure to 
the oxygen, a thin porous metal oxide film forms on the 
upper surface of the lower TiN electrode. The presence of 
the thin porous metal oxide film at the interface between the 
TiN and insulating layer can allow charge to become fixed 
or trapped at the interface. Moreover, if the porous metal 
oxide film is present only at the interface of one electrode, 
the capacitive Structure can exhibit undesired hysteresis 
affects as the capacitor charges and discharges. Accordingly, 
improvements in the fabrication of MIM capacitive struc 
tures are desirable. 

SUMMARY 

In general, the invention relates to techniques for fabri 
cating an MIM or similar capacitive Structure by chemical 
vapor deposition (CVD) to help improve the electrical and 
other properties of the capacitor. 

According to one aspect, a method of fabricating a 
capacitive Structure includes depositing a first titanium 
nitride electrode layer on a wafer by CVD and Subsequently 
depositing an insulating layer on the first electrode by CVD 
without exposing the first titanium nitride electrode to 
atmosphere. A Second titanium nitride electrode layer then is 
deposited on the insulating layer by CVD. In some 
implementations, the insulating layer comprises a material 
Selected from the group consisting of a titanium oxynitride 
material, a titanium oxycarbonitride material, a titanium 
oxide material and a Silicon oxide material. 

According to another aspect, the various layers of the 
capacitive structure, including the insulating layer, are 
deposited in situ in a single CVD chamber. 
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Various embodiments include one or more of the follow 

ing features. Forming the first and Second electrode layers 
and forming the insulating layer can include providing a gas 
comprising titanium to an interior of the CVD chamber by 
heating a metal organic precursor including titanium. 
Additionally, one or more reactant gases can be provided to 
the chamber interior to the vicinity of a heated wafer. 
The relative amounts of the gases flowing into the cham 

ber interior during formation of the insulating layer can be 
controlled to establish the stoichiometry of the insulating 
layer. For example, in Some implementations, the insulating 
layer can comprise a titanium oxide material having the 
formula TiO, where X can range from about 1 to about 2. In 
other embodiments, the insulating layer comprises a tita 
nium oxynitride material having the formula TiO, N, where 
the Sum of X and y is equal to about 1, and the value of X is 
at least as high as about 0.5. Alternatively, the insulating 
layer can comprise a titanium oxycarbonitride material 
having the formula TiO, N,C, where the sum of x, y and Z 
is equal to about 1, and the value of X is at least as high as 
about 0.3. Alternatively, the insulating layer can comprise a 
Silicon oxide material having the formula SiO, where X can 
range from about 1 to about 3. 

In Some embodiments, the relative amounts of the gases 
flowing into the chamber interior are varied during forma 
tion of the insulating to form multiple insulating Sub-layers 
of different Stoichiometry. Also, RF generators can be used 
with one or more gases to densify the metal electrodes or the 
insulating layer. 

In yet another implementation, a method of fabricating a 
capacitive Structure includes forming three electrodes with 
an insulating layer provided between pairs of electrodes. The 
lower electrode can be connected electrically to an active 
region of a transistor, and the middle electrode can Serve as 
a floating electrode. Each of the electrodes and insulating 
layers can be formed by a CVD process. 

Various implementations include one or more of the 
following advantages. Since the insulating layer is formed 
without exposing the TiN layer to the atmosphere, formation 
of a porous metal oxide film at the interface of the lower 
electrode and the insulating layer can be avoided. 
Additionally, the foregoing techniques can provide greater 
control over the Stoichiometry and thickness of the insulat 
ing layer. The dielectric constant and, therefore, the 
capacitance, of the resulting insulator can be controlled more 
precisely to allow better control of the electrical response. 
Moreover, the CVD process allows the MIM structure to be 
formed on a flat topology or a more complicated topology. 

Furthermore, forming the insulating layer of the MIM 
Structure in Situ allows the fabrication process to be per 
formed more quickly, thereby increasing the overall 
throughput of the fabrication System. Specifically, obviating 
the need to transfer the wafer among different chamber 
during formation of the capacitive Structure can reduce the 
overall fabrication time. Additionally, in Situ deposition also 
can reduce defects caused by increased handling of the 
device, thereby providing higher production yields. 

Other features and advantages will be readily apparent 
from the following detailed description, the accompanying 
drawings and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a portion of an exemplary integrated 
circuit including a capacitive Structure formed according to 
the present invention. 

FIG. 2 illustrates an exemplary CVD chamber for use in 
the present invention. 
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FIG. 3 is a block diagram showing an exemplary System 
of processing chambers for use in the present invention. 

FIG. 4 illustrates a capacitive element with an insulating 
layer having multiple Sub-layers according to the present 
invention. 

FIG. 5 illustrates another embodiment of a capacitive 
element which can be formed according to the present 
invention. 

FIG. 6 illustrates another embodiment of a capacitive 
element which can be formed according to the present 
invention. 

DETAILED DESCRIPTION 

AS shown in FIG. 1, an exemplary integrated circuit or 
wafer 10 includes a silicon or other semi-conductor Substrate 
12. An interlayer dielectric or a field oxide layer 14 is formed 
on the Substrate 12 which may have one or more previously 
formed layers including active regions for transistorS 24 or 
other devices. A chemically-mechanically polished insulat 
ing layer 27 Separates the transistor polysilicon gate 25 and 
local interconnect layer 26 from other metal interconnect 
layers. A capacitive element 16 is formed over insulating 
layer. 

The capacitive element 16 includes an insulating dielec 
tric layer 20 disposed between an upper electrode 22 and a 
lower electrodes 18. The electrodes 18, 22 can be formed of 
a material including TiN, and the insulating layer 20 can 
include a titanium oxynitride material having the formula 
TiO, N, or a titanium oxycarbonitride material having the 
formula TiO, N,C.. In the chemical formula TiO, N, the sum 
of X and y is equal to about 1, with the value of X preferably 
at least as high as about 0.5. Similarly, in the chemical 
formula TiON.C., the sum of x, y and Z is equal to about 
1, with the value of X preferably at least as high as about 0.3. 
Alternatively, the insulating layer 20 can include a titanium 
oxide material having the formula TiO, where X is in the 
range of about 1 to 2. In yet another embodiment, the 
insulating layer 20 includes a Silicon oxide material having 
the formula SiO, where X is in the range from about 1 to 3. 
A thin titanium film 15 preferably is disposed between the 
lower electrode 18 and the insulating layer 27 to improve 
adhesion of the TiN layer 18. 
The capacitive element 16 is formed in a chemical vapor 

deposition (CVD) apparatus 28 (FIG. 2). In general, CVD is 
defined as the formation of a non-volatile Solid film on a 
Substrate by the reaction of vapor phase reactants that 
contain desired components. Gases are introduced into a 
reactor vessel where they decompose and react at a heated 
Surface on a Semiconductor wafer to form the desired film. 
The CVD proceSS is advantageous because it can provide 
highly conformal layers even within deep contacts and other 
openings. 

The CVD apparatus 28 includes a chamber or reactor 30 
which has a wafer Support or holder 32 including a heating 
element 34. The chamber 30 is a vessel which can be 
Vacuum pumped by a vacuum pump System 42. Gas lines or 
pipes 36A through 36E are provided for introducing a metal 
organic precursor gas and Various carrier and reactant gases 
to the interior of the reactor 30. Respective valves or flow 
rate controllers 38A through 38E are associated with the gas 
lines 36A through 36E for controlling the flow of the gases 
to the reactor 30. The metal organic precursor is Supplied 
from a container 40, and a bubbler or vaporizer (not shown) 
is provided for heating the metal organic precursor. An upper 
electrode 48 also serves as a gas diffuser in the chamber. RF 
generators 44, 46 are coupled to the upper electrode 48 and 
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4 
the heating element, which can Serve as a lower electrode. In 
one implementation, the RF generator 44 operates at a 
frequency of about 13.56 megahertz (MHz), whereas the RF 
generator 46 operates at a frequency in the range of about 2 
kilohertz (kHz) to about 500 kHz. The RF generators 44, 46 
can be used for generating a plasma and for controlling the 
directionality of ions in the chamber. 
The CVD reactor 30 has a gate valve (not shown) through 

which a wafer can be transferred to and from the interior of 
the reactor. The CVD apparatus 28 also can include means 
(not shown) for controlling and measuring the temperature 
in the reactor. Such means can include, for example, a heater 
on the wall of the reactor, a thermo-couple, a power Supply 
coupled to the heater, and a controller to control the amount 
of power delivered to the heater. The CVD apparatus 28 also 
can include a diaphragm vacuum gauge (not shown), an 
ionization vacuum gauge (not shown) for measuring the 
pressure in the reactor, and cooling lines (not shown) for 
controlling the temperature of the wafer and the chamber. 

In one particular embodiment, a CVD TiN TxZTM 
chamber, commercially available from Applied Materials, 
Inc., is used as the chamber 30. However, the invention is 
not limited to the use of that CVD chamber and, in any given 
implementation, may include only Some of the features of 
the exemplary CVD apparatus 28 described above. 
Additionally, although the CVD apparatus 28 described 
above has a chamber 30 for processing a Single wafer at a 
time, batch Systems, in which multiple wafers are processed 
Simultaneously, also can be used. 

Prior to forming the capacitive element 16, a wafer with 
the chemically-mechanically polished insulating layer 27 
previously formed thereon is transferred to a load lock 
chamber 50 (FIG.3). The wafer then is transferred from the 
load lock chamber 50 to a physical sputtering chamber 52 
where the titanium film 15 is deposited using known tech 
niques. 

Next, the wafer is transferred from the sputtering chamber 
52 to the CVD chamber 30 via the load lock chamber 50. 
The wafer is placed on the holder 32 which is preheated to 
a temperature in the range of about 300-500 degrees celsius 
(C.) to heat the wafer. The chamber 30 is evacuated to a 
pressure of about 104 Pa. 
To form the lower TiN electrode 18, a gas comprising 

titanium and a reactant gas comprising nitrogen are provided 
to the chamber interior. A metal organic precursor having the 
formula Ti(NR) is heated in the container 40 at about 40 
C. and Serves as the Source of titanium. In the formula 
Ti(NR), R can be selected from the group consisting of 
hydrogen (H) and a carbon-containing radical. In one 
implementation, the metal organic precursor is Ti(N(CH) 
2), known as tetrakisdimethylamino titanium (TDMAT), in 
other words, R is CH. Tetrakisdiethylamino titanium 
(TDEAT) also is Suitable as the metal organic precursor. 
Alternatively, other Sources of titanium, Such as titanium 
tetrachloride (TiCl), can be used. The RF power supplies 
44, 46 can be used with a gas flow comprising a mixture of 
hydrogen (H) and nitrogen (N), Silane (SiH), or a mixture 
of SiH and N, to help densify the film. 

Once the chamber 30 has been evacuated, the valves 38A 
and 38D are opened to introduce the titanium-containing gas 
and a carrier gas, Such as helium (He), into the chamber. At 
the same time, the valve 38B is opened to introduce a 
reactant gas containing nitrogen into the chamber 30. Suit 
able nitrogen-containing gases include N2, ammonia (NH), 
or a mixture of N2 and H. AS the gases are introduced into 
the chamber 30, they can be heated by the temperature 
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control means (not shown) and are heated in the vicinity of 
the wafer by the heating member 34 to cause a thermal 
chemical reaction. In Some embodiments, a gaseous plasma 
is provided to the chamber. As a result, a thin TiN film 18 is 
formed on the titanium film 15. When the thickness of the 
TiN film 18 reaches a predetermined level, such as 50 
angstroms (A), the valves 38A, 38D are closed to stop the 
Supply of the carrier gas and the gas containing titanium. 
More generally, in Some implementations, the thickness of 
the TiN layer 18 may be as Small as 30 A and as large as 
3,000 A. Gas remaining in the chamber 30 is removed by the 
Vacuum System 42. 

The pressure in the chamber 30 during the deposition of 
the TiN film 18 is in the range of approximately ten milliTorr 
(mTorr). The pressure is controlled by adjusting the flow 
rates of the titanium-containing gas, the carrier gas and the 
nitrogen-containing gas, as well as a throttle Valve. 

If the metal organic precursor used for deposition of the 
TiN film 18 includes carbon, a plasma treatment using a 
mixture of H and N gases can be performed to reduce the 
carbon content of the TiN film. During the plasma treatment, 
hydrogen radicals react with carbon in the TiN film to 
produce gaseous products which diffuse outwardly from the 
wafer and which Subsequently are removed from the cham 
ber 30. The addition of the N gas during the plasma 
treatment further enhances the nitrogen content of the TiN 
film 18. 

Following deposition of the TiN film 18 and the plasma 
treatment (if any), the insulating layer 20 of TiON, TiO,- 
N.C. or TiO, is formed by opening the valves 38A, 38D to 
introduce the carrier gas and the metal organic precursor gas 
into the chamber 30 and by opening the valves 38B, 38C to 
introduce the nitrogen and oxygen reactants gases into the 
chamber 30. Alternatively, an insulating layer 20 of SiO, can 
be formed by opening the valves 38C and 38E to introduce 
Silicon and oxygen reactant gases into the chamber 30. A 
plasma process can be used to form the SiO film on the 
Surface of the wafer. 

In various implementations, the oxygen-containing gas 
which flows through the line 36C comprises, for example, 
oxygen (O2), carbon monoxide (CO), carbon dioxide (CO), 
nitric oxide (NO), nitrous oxide (NO) or a mixture of those 
gases. Similarly, the gas flowing through the line 36E can 
comprise, for example, SiH4. The temperature and pressure 
in the chamber 30 and the temperature of the wafer during 
formation of the insulating layer 20 can be adjusted to be 
about the same as during the deposition of the TiN film 18. 
Exemplary temperature and pressure ranges are about 300 
C. to about 500 C. and about 7 mTorr to about 1,000 mTorr, 
respectively. 
When the thickness of the insulating layer 20 reaches a 

predetermined level, the valves 38A through 38E are closed 
to Stop the Supply of the various gases. Exemplary values of 
the thickness of the insulating layer 20 range from about 25 
A to about 2,000 A. The particular thickness depends on the 
desired capacitance of the capacitive element 16 because the 
capacitance is directly proportional to the dielectric constant 
E and indirectly proportional to the thickness of the insu 
lating layer 20. Gas remaining in the chamber 30 is removed 
by the vacuum system 42. 

Depending on the chemical composition of the metal 
organic precursor as well as the oxygen and nitrogen gases 
used during deposition of the insulating layer 20, the flow 
rates of the gases can be controlled to form TiO, TiON, or 
TiON,C.. The values of x, y and Z, can be selected by 
adjusting the valves 38A through 38D to control the relative 
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6 
flow rates of the various gases into the chamber 30. The 
relative amounts of titanium, oxygen, nitrogen and carbon 
determine the dielectric constant E of the insulating layer 20, 
which, in Some implementations, can range from about 3 to 
about 15. Similarly, when forming an insulating layer 20 of 
SiO, the value of X can be selected by adjusting the valves 
38C and 38E to control the relative flow rates of the various 
gases into the chamber 30. For Some analog mixed signal 
applications Such as a tuner, a capacitance of about one to 
five femto-farads per Square micron is Suitable. 

In Some implementations, a plasma treatment of O gas or 
a mixture of O and N gases can be performed after 
deposition of the insulating layer 20. Helium gas also can be 
added during the plasma treatment to improve the plasma 
ionization efficiency. The plasma treatment helps densify the 
insulating layer 20 and, in Some cases, can be used to modify 
the stoichiometry of the film. 
AS described above, the insulating layer 20 can consist of 

a single deposited layer of a TiO, TiO, N, TiON.C. or 
SiO. Alternatively, the insulating layer 20 can comprise two 
or more sub-layers 20A, 20B (FIG. 4) formed in the CVD 
chamber 30. Each sub-layer 20A, 20B is formed as 
described above with respect to the insulating layer 30. 
However, the particular Stoichiometry of each Sub-layer 
20A, 20B can differ by varying the relative amounts of the 
gases flowing through the lines 36A through 36E when each 
Such Sub-layer is formed. After deposition of each Sub-layer 
20A, 20B, the valves 38A through 38E are closed to stop the 
Supply of the various gases to the chamber 30, and any gas 
remaining in the chamber 30 is removed by the vacuum 
System 42. A plasma treatment also can be performed after 
deposition of each sub-layer 20A, 20B. Thus, the insulating 
layer 30 can have a graded composition which is tailored to 
the particular requirements of the device being fabricated. 

Following deposition of the insulating layer 20, another 
TiN film is deposited to form the upper electrode 22. The 
TiN film forming the upper electrode 22 also is deposited in 
the CVD chamber 30 and can be deposited using the same 
technique used for forming the lower electrode 18. 
AS before, a plasma treatment using a mixture of H and 

N gases can be performed following deposition of the TiN 
film. The thickness of the upper electrode 22 can range, for 
example, from about 20 A to about 3,000 A. 
The wafer then is removed from the CVD chamber 30 and 

transferred to the load lock chamber 50. Further processing 
can be performed in other chambers or furnaces to complete 
the integrated circuit 10. 

FIG. 6 illustrates another capacitive structure 60 which 
can be formed in the CVD chamber 30. The capacitive 
structure 60 includes a floating electrode 68 between upper 
and lower electrode 64, 72 with insulating layers 66, 70 
provided between each pair of electrodes. The lower elec 
trode 64 is connected electrically to an active region 21 of 
the transistor 24 by a tungsten (W) or other conductive plug 
23. A thin Ti film 62 can be provided between the lower 
electrode 64 and the tungsten plug to improve adhesion of 
the lower electrode. 
The electrodes 64, 68, 72 can be made of titanium nitride 

using the same techniques as described above with respect 
to the TiN electrodes 18, 22. Similarly, the insulating layers 
66, 70 can be made of TiO, TiO, N, TiON.C. or SiO, using 
the same techniques as described above with respect to the 
insulating layer 20. All layers 64, 66, 68, 70 and 72 of the 
capacitive structure 60 can be formed in the single CVD 
chamber 30. 
The invention allows the insulating layer 20 to be formed 

on the lower TiN electrode without exposing the TiN layer 
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to the atmosphere. Therefore, formation of a porous metal 
oxide film at the interface of the lower electrode and the 
insulating layer can be avoided. Additionally, the foregoing 
techniques can provide greater control over the Stoichiom 
etry of the insulating layer. The dielectric constant and, 
therefore, the capacitance, of the resulting insulator can be 
controlled more precisely. Moreover, the CVD process 
allows the MIM structure to be formed on a flat topology 
(FIG. 1) or a more complicated topology, Such as a trench 
etched into the insulating layer 27 (FIG. 5). Furthermore, the 
CVD proceSS can result in a reduced defect density and 
allows thinner films to be formed, thereby reducing the 
overall topology of the wafer. 

According to the foregoing techniques, the MIM capaci 
tive structure, including the insulating layer 20, is fabricated 
in Situ in a Single CVD chamber. Fabricating the insulating 
layer 20 of the MIM structure in situ allows the fabrication 
process to be performed cleanly, quickly and more precisely, 
thereby increasing the throughput of the integrated circuit 
and reducing the cost of the integrated process fabrication 
System. In particular, obviating the need to transfer the wafer 
among different chamber during formation of the capacitive 
Structure can reduce the overall fabrication time. 
Nevertheless, in some implementations, the layers 28, 20, 22 
of the capacitive structure 16, as well as the layers 64, 66, 
68, 70 and 72 of the capacitive structure 60, can be formed 
in different CVD chambers so long as the wafer is trans 
ferred between the various chambers under vacuum, in other 
words, without exposing the interfaces between the insulat 
ing layers and the electrodes to the atmosphere. 

Other implementations are within the scope of the fol 
lowing claims. 
What is claimed is: 
1. A method of fabricating a capacitive Structure, the 

method comprising: 
forming a first electrode layer comprising titanium nitride 
on a wafer, wherein the first electrode is formed in a 
chemical vapor deposition chamber; 

forming an insulating layer on the first electrode layer in 
the CVD chamber wherein the insulating layer com 
prises a material Selected from the group consisting of 
titanium oxynitride and titanium oxycarbonitride; and 

forming a Second electrode layer comprising titanium 
nitride on the insulating layer, wherein the Second 
electrode layer is formed in the CVD chamber. 

2. The method of claim 1 wherein forming the first and 
Second electrode layers and forming the insulating layer 
includes providing a gas comprising titanium to an interior 
of the chamber. 

3. The method of claim 2 wherein providing a gas 
comprising titanium includes heating a metal organic pre 
cursor including titanium. 

4. The method of claim 2 wherein forming the first and 
Second electrode layers and forming the insulating layer 
further includes: 

providing one or more reactant gases to the chamber 
interior, and 

heating the gas comprising titanium and the one or more 
reactant gases in a vicinity of the wafer. 

5. The method of claim 4 wherein forming the insulating 
layer further includes providing a gas comprising oxygen to 
the chamber interior. 

6. The method of claim 5 wherein forming the insulating 
layer further includes providing a gas comprising nitrogen to 
the chamber interior. 

7. The method of claim 6 wherein forming the insulating 
layer further includes providing a gas comprising carbon to 
the chamber interior. 
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8. The method of any one of claims 5, 6 and 7 further 

including controlling relative amounts of the gases flowing 
into the chamber interior during formation of the insulating 
layer to control the Stoichiometry of the insulating layer. 

9. The method of claim 8 wherein the insulating layer 
comprises a titanium oxide material having the formula 
TiO, wherein the value of X is in a range of about 1 to about 
2. 

10. The method of claim 8 wherein the insulating layer 
comprises a titanium oxynitride material having the formula 
TiO, N, wherein the Sum of X and y is equal to about 1, and 
the value of X is at least as high as about 0.5. 

11. The method of claim 8 wherein the insulating layer 
comprises a titanium oxycarbonitride material having the 
formula TiON.C., wherein the sum of x, y and Z is equal to 
about 1, and the value of X is about 0.3 or higher. 

12. The method of claim 8 further including varying the 
relative amounts of the gases flowing into the chamber 
interior during formation of the insulating layer to form 
multiple insulating Sub-layers of different Stoichiometry. 

13. The method of claim 4 further including: 
performing a plasma treatment with respect to at least one 

of the first electrode, the Second electrode, and the 
insulating layer. 

14. The method of claim 4 further including: 
removing gases remaining in the chamber after formation 

of the first electrode and prior to formation of the 
insulating layer, and 

removing gases remaining in the chamber after formation 
of the insulating layer and prior to formation of the 
Second electrode. 

15. A method of fabricating a capacitive Structure, the 
method comprising: 

forming a first titanium nitride electrode electrically con 
nected to an active region formed on a Semiconductor 
wafer, wherein the first electrode is formed using a 
chemical vapor deposition (CVD) process; 

forming a first insulating layer on the first nitride elec 
trode by a CVD process without exposing the first 
electrode to atmosphere; 

forming a Second titanium nitride electrode on the first 
insulating layer using a CVD process, 

forming a Second insulating layer on the Second electrode 
using a CVD process, and 

forming a third electrode on the Second insulating layer 
using a CVD process. 

16. The method of claim 15 wherein the acts of forming 
are performed in a single CVD chamber. 

17. The method of claim 15 wherein each of the acts of 
forming the first and Second insulating layers includes 
forming a material Selected from the group consisting of 
titanium oxide, titanium oxynitride and titanium oxycarbo 
nitride. 

18. The method of claim 15 wherein each of the acts of 
forming the first and Second insulating layers includes 
forming a Silicon oxide material. 

19. The method of claim 15 wherein forming the second 
insulating layer includes forming the Second insulating layer 
on the Second nitride electrode without exposing the Second 
electrode to atmosphere. 

20. The method of claim 16 wherein forming the insu 
lating layerS further includes: 

providing a reactant gas comprising Silicon and oxygen to 
the chamber; and 

heating the gas in a vicinity of the wafer. 
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21. The method of claim 20 wherein forming the insu 
lating layers includes providing a Silane gas to the chamber. 

22. The method of claim 15 wherein the insulating layers 
comprise a Silicon oxide material having the formula SiO, 
wherein the value of X is in a range of about 1 to about 3. 

23. The method of claim 15 further including varying the 
relative amounts of one or more gases flowing into the 
chamber interior during formation of the insulating layer to 
form multiple insulating Sub-layers of different Stoichiom 
etry. 

24. The method of claim 15 wherein forming the first 
insulating layer includes forming a material Selected from 

10 
the group consisting of titanium oxide, titanium oxynitride 
and titanium oxycarbonitride. 

25. The method of claim 15 wherein forming the first 
insulating layer includes forming a Silicon oxide material. 

26. The method of claim 15 wherein forming the second 
insulating layer includes forming a material Selected from 
the group consisting of titanium oxide, titanium oxynitride 
and titanium oxycarbonitride. 

27. The method of claim 15 wherein forming the second 
10 insulating layer includes forming a Silicon oxide material. 

k k k k k 


